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Conservation Implications of Competition in Waterfowl 
Competition is the reduction in the distribution or numbers of one or more species that results 
from their shared use of one or more resources (Newton 1998). Competition theory states that 
species with identical needs cannot coexist indefinitely in the same area (Gause 1936). Most 
animals share part of their resources with other animals and are subject to an overlap of niches 
between one or more species. Niche overlap can reduce the size of the functional niche for weak 
competitors, which can result in reduced carry capacity with the remaining realized niche being 
greatly reduced in size. Weak competitors can become of conservation concern when their 
abundance declines substantially and continuously. American black ducks were once the most 
abundant species of waterfowl in eastern North America, but declined substantially with 
continuous range contraction since the early 1900s. Concurrently there were increases in the 
mallard in eastern North America where they replaced black ducks (Heusmann 1974, Heusmann 
1991, USFWS 2013a, USFWS 2017). Understanding the potential role of mallards in black duck 
decline is key to conserving biodiversity. Ecological separation in mallards and black ducks has 
been studied extensively during the breeding season (Ringelman and Longcore 1982, Longcore 
et al. 1998, Maisonneuve et al. 2000), but the non-breeding period has received less attention 
(Heusmann 1974, Robb 1997). 
Two general types of competition exist in animal populations; exploitation and 
interference (Miller 1967). Exploitation competition occurs when two individuals have access to 
a resource, but the use of that resource by one individual excludes its use by the other individual. 
If resources are limited, a density-dependent relationship can exist where the abundance of one 
species may affect the ability of another species to persist in that area. However, resources need 
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not be limited for competition to occur. In interference competition, individuals are displaced by 
the presence or aggression of other individuals. In birds, conditions for competition to occur are 
often satisfied and, thus, may partially shape their evolution and life history strategies (Newton 
1998, Dhondt 2012). Interspecific competition between birds usually causes species to differ 
from one another in some facet of life strategies. A combination of differences in habitat 
selection, feeding ecology, migration chronology, and distribution allow species to adopt specific 
niches. When niches of these species overlap, interspecific competition for resources is likely to 
occur. Despite that the non-breeding period can influence fitness in birds; few studies have 
quantified overlap in resource use between mallards and black ducks during this period. Of 
North American dabbling ducks, black ducks and mallards are the most closely related and they 
occupy similar niches (Ankney et al. 1986, Ankney et al. 1987, Mank et al. 2004).  Thus, 
competition is likely to occur when these species are sympatric. 
Migration Ecology of Waterfowl 
Migration occurs to some degree in over half of birds (Berthold 1996). The most common theory 
is that evolution of migration started from a pioneering subpopulation of a sedentary population 
that had to return to their ancestral range with the onset of seasonally severe weather (DeGraaf 
and Rappole 1995, Zink 2011). Migrants can exploit resources in seasonal environments, 
providing an evolutionary advantage to migration in seasonal systems. Generally, birds time their 
migrations to maximize fitness, increasing likelihood of survival and reproduction (Newton 
2010, Alerstam et. al. 2003). Migratory populations of birds have great potential to be involved 
in interspecific competition during spring. Spring migration exposes birds to novel landscapes 
with varying resource availability and an abundance of conspecifics that often must remain for 
extended periods at stop-over areas waiting for seasonal food resources to be available at areas 
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farther north (McLandress and Raveling 1981, Smith and Moore 2003). During spring, timing of 
arrival on the breeding grounds is influenced by lipid reserves that are used to fuel migration. 
Thus, because migrants arriving on the breeding grounds compete for territories of varying 
suitability, birds with greater lipid reserves that arrive earlier often secure the greatest quality 
breeding territories (Sedinger and Flint 1991, Kokko 1999, Arzel et. al. 2006, Stafford et al. 
2014).  
The theory of ideal free distribution states that individuals competing for patches of 
varying suitability disperse among the landscape so that resources are allocated evenly, i.e. 
patches with greater resources support greater numbers of individuals (Fretwell and Lucas 1969). 
If all conditions are met for ideal free distribution, it is predicted that individuals will get equal 
share of resources throughout all patches. However, if interference competition takes place, 
dominant individuals may obtain greater quality or amounts of resources. Potential for 
competition is greatest within species and among closely related species. Ideal despotic 
distribution is a form of intraspecific competition and occurs when dominant individuals 
monopolize resources excluding subordinate individuals. As birds arrive to breeding areas in 
spring, the greatest quality nest sites are settled first. Ideal despotic distribution takes place as 
subordinate individuals or later arrivals are excluded to increasingly poorer nesting sites by 
dominant individuals who arrived earlier (Fretwell and Lucas 1969). Subordinate individuals and 
later arrivals to breeding grounds are likely to experience a decrease in fitness as they are 
excluded from optimal nesting sites (Burger 1985, Dow and Fredga 1985, Smith and Moore 
2003). These ideal distribution theories were developed to explain the role of intraspecific 
competition in animal distributions; however given the close relatedness of black ducks and 
mallards they could provide a basis for understanding patterns in the distribution of these two 
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species. Habitat use and behaviors thousands of kilometers away may influence migration 
chronology, timing of settling, intra- and interspecific competition for nest sites, and fitness. 
With few comparisons of habitat selection and behavioral interactions in the nonbreeding period 
for mallards and black ducks, inferences on potential competition are limited. Understanding 
factors affecting departure dates by mallards and black ducks where they are sympatric at spring 
staging sites would provide insight into the potential for competition in the nonbreeding period 
when they could compete for foraging, staging, and breeding sites. 
Carry-over Effects of Spring Staging in Ducks 
Survival, formation of a strong pair bond, and acquisition of nutrient reserves for migration are 
the precursors to successful reproduction in waterfowl. Migratory waterfowl experience differing 
habitat conditions throughout the annual cycle that can influence individual fitness. Events of 
one season can affect survival and reproduction in subsequent seasons, a phenomenon known as  
carry-over effects (COEs; Sedinger et al. 2011, Sedinger and Alisauskas 2014). In ducks, 
initiation of spring migration is influenced by weather, but also a threshold of lipid reserves 
necessary to cause migratory restlessness (Newton 2006) which are used to fuel migration to 
breeding areas and, in some species, as endogenous reserves to acquire nutrients for egg 
production (Baldassarre and Bolen 2006, Sedinger and Flint 1991, Stafford et al. 2014). 
Timing and rate of spring migration may affect the ability of individuals to settle in a 
breeding territory with adequate food and cover resources for the hen and brood. Ducks that 
arrive earlier on breeding grounds have greater nest and fledging success (Baldassarre and Bolen 
2006, Drent et al. 2007), possibly because they have capacity to select the greatest quality 
breeding territories (Clark and Shutler 1999, Elmberg et al. 2005). Black ducks and mallards use 
endogenous lipid reserves for migration to reach breeding grounds as early as possible (Dwyer et 
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al. 1979, Owen and Reinecke 1979, Krapu 1981, LaGrange and Dinsmore 1985).  Once on 
breeding areas mallards and black ducks also use remaining endogenous lipid reserves as energy 
to acquire exogenous protein necessary for reproduction (Dwyer et al. 1979, Owen and Reinecke 
1979, Krapu 1981). Thus, individuals should select habitats and time movements to maximize 
fitness because timing of nesting and breeding propensity are influenced by nutrient reserves, 
habitat quality, winter weather severity, and wintering location (Alerstam et al. 2003, Arzel et al. 
2006, Newton 2010) . Therefore, habitat use and foraging behavior during spring staging are 
relevant to management of waterfowl at other stages of the annual cycle. 
Mallard and Black Duck Life History 
Likely isolated along with its monochromatic relatives, the mottled duck (A. fulvigula) and 
Mexican duck (A. diazi), black ducks existed in North America in refugia away from Eurasian 
waterfowl during the last ice age. Hybridization is widespread among birds with interbreeding 
occurring in 10% of species. A lack of ecological barriers that control interbreeding within a 
population can result in rapid evolution through hybridization (Grant and Grant 1992). Until 
recently, hybridization between mallards and black ducks was considered a plausible driver of 
black duck population decline. Analysis of modern specimens failed to find two distinct taxa 
suggesting black ducks were simply a color morph of mallards (Morgan et al. 1984, Ankney et 
al. 1986, Avise et al. 1990). Mank et al. (2004) later detected a reduction in genetic 
differentiation from samples of black ducks and mallards between 1940 and 1998. They 
suggested their findings represented a breakdown in genetic integrity likely due to hybridization. 
Current research suggests that hybridization has not contributed to black duck decline to the 
degree previously thought (P. Lavretsky, University of Texas El Paso, personal communication). 
Ydenberg et al. (2012) determined that although genetic exchange occurred in genus Anas due to 
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hybridization, there has been no disintegration of species boundaries. Furthermore, recent genetic 
work shows mallards and black ducks are clearly differentiated despite decades of hybridization, 
suggesting that current identification based on plumage characteristics alone may be falsely 
identifying hybrids (P. Lavretsky, University of Texas El Paso, unpublished data). 
Population Decline in American Black Ducks 
The black duck population decreased ~50% between the 1950s and 1990s (BDJV 2008, USFWS 
2013a). The black duck population has since stabilized, but still remain 22% below their 
population goal of 640,000 breeding pairs (USFWS 2017). A diversity of hypotheses exists for 
decline in black duck abundance including loss and modification of breeding and wintering 
habitat, overharvest, and competitive exclusion by mallards (Goodwin 1956, Ankney et al. 1987, 
Longcore et al. 1998, Mank et al. 2004, Maisonneuve et al. 2006). Landscape change, which 
decreased forested wetlands that are often selected by black ducks and diversified availability of 
habitat types, favored expansion of the mallard range in eastern areas traditionally dominated by 
black ducks (Heusmann 1974, Heusmann 1991, Harrigan 2006 USFWS 2013, USFWS 2017). In 
addition, up until the 1960s, up to 500,000 game-farm mallards were released annually in the 
United States (Heusmann 1974, Soutiere 1986, Hepp et al. 1988, Virginia DGIF 2007, USFWS 
2013b). Michigan, Ohio, Pennsylvania, New York, Maryland and others had active state-
sponsored, game-farm mallard release programs (Browne 1971, Pratt 1971, Virginia DGIF 
2007). Thus, it is equally plausible that game-farm releases, in combination with overharvest of 
black ducks and landscape change, greatly favored colonization by mallards and declines in 
black ducks in eastern North America. 
Mallards are considered a habitat generalist relative to black ducks and have shown to 
outcompete black ducks for breeding habitat. A habitat modeling study from Québec during the 
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breeding season indicated that the presence of black ducks decreased with increasing areas of 
corn, ploughed fields, and deciduous forests, whereas these parameters had opposite effects on 
mallards (Maisonneuve et al. 2006). Much is known about breeding differences between the 
species, yet few studies have focused on the spring staging COEs that may influence those 
differences. In the interior Atlantic Flyway, sympatric black ducks and mallards are likely to be 
involved in interspecific competition during spring, increasing the opportunity for mallards to 
limit black ducks through interference or exclusion from resources. The Finger Lakes Region 
(hereafter, FLR) of central New York is a critical wintering area for the interior Atlantic flyway 
population of black ducks. Black ducks and mallards that winter in the region are primarily 
distributed on Cayuga and Owasco Lakes and the nearby Montezuma Wetlands Complex 
(MWC). These lakes exist in close proximity to the 18,347 ha of agricultural and wetland 
foraging habitats of the MWC; thus, it is plausible that waterfowl wintering in the region risk 
being subject to relatively severe winter conditions to have first access to high quality spring 
staging habitats at northern latitudes. As such, they are closer to breeding areas than conspecifics 
wintering farther south and may be able to arrive on breeding areas earlier if they have adequate 
food resources for migration. January waterfowl counts in the region from 2000 to 2017 suggests 
average annual duck uses days from 1 January – 15 March to be ≥ 610,870 ± 82,806 (SE) 
mallards and ≥ 135,790 ± 24,198 black ducks (Ostrander 2017). Spring counts of the MWC 
suggests average duck use days of  ≥ 363,124 ± 112,194 mallards and ≥ 53,314 ± 8,878 black 
ducks, 15 March – 30 April, 2011 - 2016 (J. Eckler, New York State Department of 
Environmental Conservation, unpublished data). There has been no empirical study of the 
ecology of mallards and black ducks during the spring staging period in the FLR or MWC.  
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Thesis Goal and Objectives 
My goal was to provide conservationists with strategies to manage the landscape to provide 
habitat and foraging opportunities to benefit black ducks during spring migration in the MWC. 
My objectives were to 1) compare behavior and habitat selection between black ducks and 
mallards, 2) compare within-season movements of the two species, and 3) investigate factors, 
including species and habitat use, that affect departure dates of mallards and black ducks in the 
MWC. Chapter 2 of my thesis compares habitat use and behavior. Chapter 3 compares spring 
staging movements and analyzes timing of departure. Each chapter is formatted according to 
Journal of Wildlife Management guidelines.  
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Chapter 2: SPRING HABITAT USE AND BEHAVIOR OF AMERICAN BLACK DUCKS 
AND MALLARDS IN THE MONTEZUMA WETLANDS COMPLEX 
ABSTRACT 
American black ducks (Anas rubripes) declined throughout most of their range over the past 100 
years. Concurrently, mallards (A. platyrhynchos) became the most common breeding duck in 
much of the historic range of the black duck. Spring staging is a critical period when sympatric 
female black ducks and mallards may compete for lipid resources that fuel migration and provide 
them with endogenous energy reserves for breeding, yet there have been no studies of 
interactions between these two species at that phase of the annual cycle. My goal was to 
determine if ecological separation existed for black ducks and mallards that use the Montezuma 
Wetlands Complex (MWC) for spring staging. I monitored movements of female black ducks 
and mallards with GPS/GSM tracking units to evaluate habitat use and second and third order 
habitat selection March – April 2016 and 2017. During the same time period, I used focal animal 
sampling to determine time-activity budgets within habitat types. Black ducks used open water 
90 % greater than mallards. In proportion to availability in the MWC, black ducks chose home 
ranges with 54%, 60%, and 25%, less agriculture, developed, and forested wetland, respectively, 
and 60 % greater emergent marsh and 77% greater open water. Black ducks used land cover 
types in proportion to their availability within their home ranges. Mallards chose home ranges 
with cover types proportional to their availability within the MWC and used land cover types in 
proportion to their availability within home ranges. My results suggest that historic drainage of 
emergent marsh for agricultural production as well as decreased flooding that would have 
reduced open water during spring, reduced habitats selected by black ducks during spring in the 
MWC. Thus, in areas of concern for spring staging black ducks, managers should transition 
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agricultural lands to emergent wetlands while ensuring adequate flooding to sustain open water 
areas during spring migration 
Key words: Anas platyrhynchos, Anas rubripes, behavior, black duck, Finger Lakes Region, 
habitat use, mallard, MRPP, New York 
 
The American black duck (Anas rubripes, hereon black duck) has declined dramatically 
throughout most of its range over the past 100 years (Conroy et al. 2002, Devers and Collins 
2011). Over the same time period, mallards (A. platyrhynchos) have become the most common 
breeding duck in much of the historic range of the black duck (Johnsgard 1961). Evidence 
suggests that mallards entered North America from Eurasia upon retreat of the glaciers following 
the last ice age (Harrigan 2006). Throughout the early twentieth century, clearing of eastern 
forests, and a substantial releases of farm-raised mallards in the Great Lakes region and Atlantic 
Coast likely increased the abundance of mallards in regions that were once exclusive to black 
ducks (Heusmann 1974, Maisonneuve 2006, Lavretsky et al. 2014). Thus, ecological separation 
of the species has decreased substantially and competition and hybridization between black 
ducks and mallards has increased. Study of competition between these two species in breeding 
areas has been extensive and provides evidence that the presence of mallards can displace black 
ducks (Ringelman and Longcore 1982, Seymour 1992, Merendino and Ankney 1994, Longcore 
et al. 1998, Maisonneuve et al. 2000). However, studies focused on ecological separation during 
the spring period are lacking.  
 Despite its short duration, spring is a critical stage in the life cycle of most large bodied 
waterfowl (Ebbinge and Spaans 1995, Sedinger et al. 2011, Sedinger and Alisauskas 2014). In 
ducks, initiation of spring migration is influenced by lipid reserves which are used to fuel 
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migration to breeding areas and, in mallards and black ducks, as endogenous reserves to acquire 
nutrients for egg production (Hanson et. al. 1990, Sedinger and Flint 1991, Krapu and Reinecke 
1992, Baldassarre and Bolen 2006, Stafford et al. 2014). Thus, overlap in habitat use increases 
potential exploitative and interference competition. Competition theory states that species with 
identical needs cannot coexist indefinitely in the same area (Gause 1936). Mallards have shown 
to exclude black ducks from the most productive wetlands when black ducks and mallards select 
for the same wetland characteristics (Merendino and Ankney 1994). As such, range of black 
ducks has increasingly become constrained to boreal wetlands that tend to be less productive 
than those in areas cleared for agricultural production (Merendino and Ankney 1994, 
Maisonneuve et al. 2000, Maisonneuve et al. 2006). Competitive exclusion by mallards is a 
prominent hypothesis explaining declines in the abundance of black ducks. As generalists, 
mallards are able to competitively exclude black ducks by filling niches once exclusive to black 
ducks. 
Related species often differ in habitat selection to avoid competitive exclusion (McArthur 
and Levins 1964). The distribution of individuals between habitat types depends on the selective 
abilities of the species. This distribution, in turn, influences the population dynamics of the 
species as a whole (Pulliam and Danielson 1991). Selection as explained by Johnson (1980) is 
the use of a resource greater than expected based on its availability. He goes on to suggest four 
orders of habitat selection: 1) selection of a region, 2) selection of a home range within a region, 
3) selection of habitats types within home ranges, and 4) selection of resources within habitat 
types. 
 Comparative behavior provides an important context for understanding the role of habitat 
use in competition between two species. On Prince Edward Island, the behavior of black duck 
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pairs depended on habitat use (Hickey and Titman 1983). Current research suggests that male 
mallards may be behaviorally dominant  at artificial feeding areas in winter by deterring female 
black ducks from foraging (M. L. Schummer, State University of New York College of 
Environmental Science and Forestry, personal communication). Activity budgets combined with 
energetic models can provide understanding of nutrient requirements, energy acquisition, and 
energetic costs to birds in specific wetland types (Paulus 1988a, b). Comparisons of nonbreeding 
dabbling duck activity budgets suggest that greater foraging in agriculture compared to other 
dabbling duck species allows mallards to rest more in other habitat types; thus most studies  
suggest a management strategy for non-mallard species that includes an increase of native 
wetland types (Turnbull and Baldassarre 1987, Paulus 1988, McClanahan 2015).  
     The Finger Lakes Region (hereafter FLR) is a non-coastal, interior wintering area used by 
black ducks and mallards. Black ducks and mallards that winter in the region are primarily 
distributed on Cayuga and Owasco Lakes and the nearby Montezuma Wetlands Complex 
(MWC). (Fig. 2.1) January waterfowl counts in the region from 2000 to 2017 suggests average 
annual duck uses days from 1 January – 15 March was ≥ 610,870 ± 82,806 (SE) mallards and ≥ 
135,790 ± 24,198 black ducks (Ostrander 2017). The lakes exist in close proximity to the 18,347 
ha of agricultural and wetland foraging habitats of the MWC; thus, it is plausible that waterfowl 
wintering in the region risk being subject to relatively severe winter conditions to have first 
access to high quality spring staging habitats at northern latitudes. As such, they are closer to 
breeding areas than conspecifics wintering farther south and may be able to arrive on breeding 
areas earlier if they have adequate food resources for migration. Spring counts of the MWC 
suggests average duck use days of  ≥ 363,124 ± 112,194 mallards and ≥ 53,314 ± 8,878 black 
ducks, 15 March – 30 April, 2011 - 2016 (J. Eckler, New York State Department of 
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Environmental Conservation, unpublished data). There has been no study of the ecology of 
mallards and black ducks during the spring staging period in the FLR or MWC. Understanding 
habitat selection and activity budgets in this area may help explain behavioral strategies and 
habitat choices to guide future management efforts toward specific areas or cover types (BDJV 
2008).  
My goal was to determine if there were habitat selection and behavior differences 
between mallards and black ducks during spring staging in the MWC. My objectives were to 1) 
compare habitat selection between female black ducks and mallards and 2) compare behaviors 
within habitats between the species in the MWC. My results will guide policy makers and land 
managers on how to best manipulate the landscape to sustain black ducks in New York and 
possibly beyond.  
STUDY AREA 
I studied staging movements and behaviors of black duck and mallard in the FLR of central New 
York, 15 March – 15 April, 2016 and 2017. Black ducks and mallards wintering in the region 
primarily occur on Cayuga Lake (42º 45’ 48.3”, -76° 44' 7.65") and Owasco Lake (42° 53' 
10.84", -76° 31' 51.91") (Appendix 1). Lakes are north to south oriented glacially formed lakes 
that border or run through Tompkins, Seneca, and Cayuga Counties. The shorelines of the Finger 
Lakes are generally steep with a rocky substrate and minimal aquatic vegetation. In winter, the 
New York Canal Authority lowers water in these lakes ≥ 1m, exposing rocky shorelines. 
Seasonal and year-round residences are common along lake shores. Historical average 
temperatures in March and April are (1C) and (8C) respectively.  Rain precipitation averages 
30mm each month while average snow fall is 450 mm for March and 80 mm for April (NOAA 
2017). At times, portions of the Finger Lakes are the only unfrozen open water habitat in the 
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FLR (Appendix 2). In milder winters and during spring, when ice and snow depth are less, ducks 
can access other open water lakes and rivers, emergent, seasonal, and forested wetlands, and 
agricultural fields (dry and flooded). The MWC is located directly north of Cayuga Lake, 
encompasses 18,347 ha  of wetland rich habitat (Fig. 2.1) and includes New York State 
(NYSDEC) Northern Montezuma Wildlife Management Area and United States Fish and 
Wildlife Service (USFWS) Montezuma National Wildlife Refuge (Fig. 2.1). The MWC is a 
focus area of the North American Waterfowl Management Plan (USFWS 2012). 
METHODS 
Capture, Marking, and Monitoring of Ducks with Satellite Transmitters 
In cooperation with the NYSDEC and USFWS biologists, I captured, marked, and tracked black 
ducks and mallards to determine habitat use, January – March 2016 and 2017. Captures occurred 
primarily on the northern half of Cayuga Lake and the western side of Owasco Lake where 
NYSDEC and USFWS biologists have trapped mallards and black ducks for banding, 2010-
2015. I captured after-hatch year female black ducks and mallards using walk-in traps baited 
with corn, black oil sunflower, millet, milo, wheat, and frozen French fries, January – March 
2016 and 2017. I determined age as second year (ducks hatched the year before capture) and 
after second year (ducks hatched ≥ 2 years before capture) based on wing plumage (Carney 
1992, Ashley et al. 2006). I baited traps ≥ 1 hr before sunrise and removed ducks from traps ≤ 4 
hrs after sunrise. I attached satellite transmitters to a randomly selected sub-sample of adult 
female black ducks ≥1000 g (?̅? = 1131 ± 21g; range = 1000–1400 g; % body mass ?̅? = 2.4%; % 
body mass range = 1.9–2.7%) and mallards ≥1000 g (?̅? = 1123 ± 15 g; range = 1000–1240 g; % 
body mass ?̅? = 2.4%; % body mass range = 2.1–2.7%) that had no visible injuries (Fair and Jones 
2010). I used 25-g GSM (Global System for Mobile Communication) back-pack style GPS 
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transmitters (NorthStar Science and Technology, LLC, King George, Virginia, USA and Ecotone 
Telemetry, Sopot, Poland). Total transmitter weight was 27 g. I attached transmitters dorsally 
between the wings via a harness of 0.38 cm wide Teflon ribbon (Bally Ribbon, Bally PA). The 
completed harness included posterior and anterior body loops connected with a 1 cm length of 
ribbon over the keel (Petrie et al. 1997, Malecki et al. 2001, Krementz et al. 2011). The 
transmitters collected eight fixes per 24 hour period. Location data was estimated to be accurate 
to ± 18 meters (NorthStar Science and Technology, LLC). When possible, I paired each marked 
female black duck with a marked female mallard (2016 n = 20 of 39, 2017 n = 8 of 34) during 
the same capture event to balance our sampling design. I excluded the first four days of exposure 
for each female from all analyses to minimize potential bias due to stress from capture or 
handling (Cox and Afton 1998). 
Habitat Use and Selection  
As the base layer for all spatial analysis, I used the National Land Cover Database at the 
resolution of 30 m (Homer et. al 2015) (hereafter, modified NLCD layer). I consulted with 
regional state and federal land managers and manually added a polygon layer that accounted for 
areas within the MWC restored to wetland since 2011 and merged these layers with the NLCD 
layer. I classified each duck location between 15 March – 15 April as agriculture, forested 
wetland, emergent marsh, open water, or developed in ArcMap 10.3.1® (Environmental Systems 
Research Institute, Inc., Redlands, CA, USA 10.3. 1.). I included moist-soil habitat with 
emergent marsh because they were not differentiated in NLCD and vegetative cover in the MWC 
for emergent marsh ranged from primarily annual to perennial emergent plants, with a diversity 
of combinations of percentage cover of moist soil and emergent communities within these 
wetlands (e.g., partial drawn down wetlands; Fleming et al. 2012). For behavioral analysis, I 
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joined forested wetland, scrub shrub, emergent marsh, and open water to make a single wetlands 
category to evaluate behavioral differences between agriculture and other shallow water 
wetlands. For spatial analysis, I joined the modified NLCD layer with point data from marked 
female black ducks and mallards 2016 and 2017 (Homer et. al. 2015). Home ranges were created 
from the GPS points using the time local convex hull (tLoCoh; Lyons et al. 2013) package in 
RStudio (RStudio Team 2016). Unions were created using hulls sorted by density of points 
enclosed in each polygon. I used the K method using 15 nearest neighbors and the 95
th
 isopleths 
which contain 95% of each duck’s GPS points. Shapefiles created from the 95
th
 isopleths of each 
home range were opened with ArcMap 10.5 (ESRI, Redlands, CA). Size of home ranges was 
determined and percent land cover was calculated within each home range for each bird using 
the Crop tool with the 2011 National Landcover Database (Homer et al. 2015). Land cover 
classes were simplified into five categories (open water, forested wetland, emergent wetland, 
agricultural field, or developed). I assigned duck locations to land cover types using the Join 
Tables tool and Summarize Statistics in ArcMap 10.5 (ESRI, Redlands, CA).  
Behavior  
I performed behavioral observations along a route composed of all cover types that black ducks 
and mallards are known to use during spring staging in the MWC (Fig. 2.2). I recorded behavior 
of spring staging mallards and black ducks, 15 March - 15 April, 2016 and 2017. I conducted 
observations during daylight hours with Vortex Diamondback® binoculars (10 x 40mm) and a 
Bushnell Elite® spotting scope (20-60 x 80 mm). I began the survey route 15 March 2016 and 
2017 at the Montezuma National Wildlife Refuge main pool and surveyed habitat types 
including agriculture, emergent marsh, forested wetland, and open water along a continuous 
loop. Whenever I encountered a focal species on my route in flooded agricultural fields and 
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forested wetlands, I collected behavioral data because these two habitats were ephemeral and had 
limited access, respectively. For more common cover types, I sampled every other parcel along 
the survey route containing that cover type and either or both duck species. This system allowed 
me to proportionately distribute sample effort across cover types as they were available on the 
landscape. If black ducks or mallards were not observed in a cover type, I moved to the next 
potential observation site until I encountered ≥ 1 female mallard or black duck. If more than one 
female mallard or black duck was present at a site, I arbitrarily selected a duck by swinging the 
binoculars or scope and selected the one closest to the center of the field of view (Quinlan and 
Baldassarre 1984, Lovvorn 1989, Poulton et al. 2002). I sampled behavior during 10-min 
observation periods and equally sampled, (civil sunrise until three hours after), mid-day (three 
hrs after sunrise till three hrs before sunset) and late periods (three hours before sunset until 
sunset). Two observers collected instantaneous behavioral observations every 15 seconds and 
activities were designated as feeding (surface, head under, tipping, land), preening, resting, 
locomotion (swimming and flying) and courtship (Paulus 1984, Morton 1989, Eichholz et al. 
2009), with one observer calling out behaviors and the other recording and keeping time. During 
each observation, I recorded date, location, and habitat type. 
Statistical Analysis 
I calculated habitat use as the percent of locations within each of the five habitat types. I 
compared home range sizes between species using a two-sample t-test with heterogeneous 
variances. I joined a polygon shapefile of the MWC acquisition area to the adjusted NLCD layer 
and summarized statistics to determine the habitat availability within the MWC. I examined 
second order habitat selection by comparing proportion of habitat within home ranges to 
proportion of habitat available within the MWC. I examined third order habitat selection by 
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comparing use to proportion of habitat available. I used Multiresponse Permutation Procedure 
(MRPP) in program R to compare activity budgets within each cover type and proportion time 
spent in different cover types between black ducks and mallards (Blossom package; Cade and 
Richards 2001, R Core Team 2013, Talbert and Cade 2013); Blossom package. If there were 
statistical differences at α = 0.05, I compared individual behaviors or percent use of individual 
cover types between species using MRPP and a Bonferonni-corrected -level. I used Multi-
response Permutation Procedure for Randomized Blocks (MRBP; Mielke et al. 1976) separately 
for each species to evaluate differences in home range selection within the MWC and habitat 
selection within home ranges, where the block was an individual bird and the groups were 
“used” and “available”. I compared use and availability of individual cover types using MRBP 
and a Bonferonni-corrected -level. I calculated the multivariate median quantile activity 
budgets, percent habitat use, and percent habitat availability using the Multivariate Medians and 
Distance Quartile (MEDQ) function in the Blossom package. 
RESULTS 
Behavior 
I recorded activity budgets for 102 black ducks and 132 mallards in wetlands and 53 mallards 
and 52 black ducks in agriculture. I detected no behavioral differences between species or habitat 
type (agriculture, wetland). Both species spent a majority (≥50%) of their time feeding in 
wetlands (Fig. 2.2) and agriculture (Fig. 2.3). 
Habitat Selection 
I included 13 black ducks (6,784 locations) and 10 mallards (2,611 locations) in habitat use and 
selection analysis with years pooled. Home range sizes did not differ between species (t9.70 = -
1.23, P = 0.25), but mean home range size was thrice larger for mallards (426.2 ha ± 825 [SE]) 
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than black ducks (133.8 ha ± 323). Home range size ranged from 0.054 – 5.48 km
2
 for black 
ducks and 0.04 – 22.8 km
2
 for mallards. Black ducks used open water 90% more than mallards 
(Fig.2.4). Each species spent proportionally similar amounts of time in other habitat types (i.e., 
emergent marsh, forested wetland, developed; Fig. 2.4). Forested wetland was the most used 
habitat type by black ducks and mallards (Fig. 2.4). I detected that mallards spent twice as much 
time in agricultural habitats as black ducks, but variation in my data precluded detecting a 
significant difference between species (Fig. 2.4).  Black duck home range selection within the 
MWC differed for all habitat types compared to what was available. In proportion to availability 
in the MWC, black ducks used home ranges with 54%, 60%, and 25% less agriculture, 
developed area, and forested wetland, respectively. They used home ranges with 60 % greater 
emergent marsh and 77% greater open water in proportion to their availability within the MWC 
(Fig. 2.5). In contrast, mallards used home ranges with cover types proportional to their 
availability within the MWC (Fig. 2.6). Within home ranges, black ducks and mallards used land 
cover types in proportion to their availability (Figs. 2.7 and 2.8).  
DISCUSSION 
My results suggest that black ducks in the spring staging period select less for home ranges with 
a greater proportion of agriculture and developed land, but mallards used these habitat types 
relative to their availability. Mallards are generalists that often exploit agricultural areas and 
human development more than black ducks (Spencer 1986, Ankney et al, 1987, Merendino et al. 
1995). Eating waste grain that is energy dense relative to most native wetlands foods, may allow 
mallards to meet their energetic needs in a shorter period of time than black ducks that selected 
for emergent marsh and open water (Baldassarre and Bolen 1984, Brodsky and Weatherhead 
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1984), thus potentially giving them a competitive advantage over black ducks by allowing them 
to initiate spring migration earlier which may result in the settling of higher quality nesting sites.  
The lack of evidence for a habitat influence on home range selection by mallards further 
supports the idea that they are tolerant of human development (Heitmeyer 2006, Sauter et. al. 
2012). An increase in mallards occurred following the development of eastern North America 
when forests were cleared and wetlands drained for conversion into agriculture (Heusmann 1974, 
Heusmann 1991, Harrigan 2006, USFWS 2017). Johnsgard’s (1961) review of the Audubon’s 
Christmas count data revealed a 480 km eastward range expansion of the mallard from 1900 to 
1950.  Concurrent decreases occurred in black ducks suggesting that anthropogenic landscape 
changes may be more limiting to black ducks than mallards (Kaminski and Elmberg 2014, 
Newcomb 2014).  
Black ducks and mallards using MWC in spring exhibit some degree of ecological 
separation through home range selection, but to fully understand if this separation is beneficial to 
the black duck we would need to know the use of resources within home ranges, i.e., fourth order 
selection (Johnson 1980). Also, I failed to observe any behavioral differences from my analysis 
and we have a limited knowledge of food availability within habitat types in the MWC. Despite 
this lack of information, we can still speculate that black ducks are reducing competition with 
mallards by choosing open water habitats. One study related black duck habitat use to the 
presence of large bodies of open water (Lewis and Garrison 1984). My study supports the 
previous literature that suggests black ducks select for natural wetlands over other habitat types 
during the nonbreeding period (Chipley 1995, Newcomb 2014, Osborn 2015). Black Ducks 
selecting home ranges with 66% more emergent marsh and 77% more open water than was 
available within the MWC suggest these areas are important spring staging habitats for them. 
26 
 
Similarly, White (1994) found black ducks to use open water extensively and forage in moist-
soil areas. Black ducks and mallards in our study foraged primarily in all habitat types so the 
selection for open water by black ducks may be an attempt to isolate them self from mallards.  
Black duck home range sizes in my study were similar to those found during the breeding 
season (Ringelman et. al. 1982). Mallard home ranges were much larger than black ducks and 
larger than those recorded during the breeding season (Gilmer et. al. 1975). Two mallard home 
ranges exceeded 11.1 km
2
 while the largest black duck home range was 5.1 km
2
. This species 
difference may be explained by selection for agriculture by mallards. I think that differences in 
home range sizes were influenced by the selection of agriculture by mallards because flooded 
agriculture habitats in the MWC  are limited and exist at a greater distance apart than other 
habitat types used by mallards and black ducks.. Indeed, distribution of mallard groups during 
winter in the Mississippi Alluvial Valley was positively associated with flooded cropland at local 
and landscape scales while distribution of other waterfowl species was best explained by wetland 
complexity (Pearse et al. 2012). Changes in available food abundance throughout spring may be 
another factor influencing home range sizes. Microscale changes in habitat availability occur 
during spring as snow melts, ice thaws, and additive rain occurs, opening wetlands and 
inundating agriculture making them available to spring staging waterfowl.   
My sample size was dramatically limited by fatality of marked birds and poor transmitter 
performance. Mild weather periods during winter decreased trapping success while extended 
severe cold periods in early spring resulted in a high mortality rate. Robb (1997) observed birds 
having difficulties acclimating to transmitters when put on during inclement weather which 
caused an increased loss due to predation. Ice was found forming on some units during inclement 
weather February 2016 and a large block of ice was found on a two recovered transmitters. 
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During extremely cold periods I observed each species diving under and throwing the relatively 
warmer lake water onto their backs in an obvious attempt to maintain homeostasis, yet this tactic 
likely lead to their demise by promoting ice formation on the transmitter. Otherwise, poor overall 
performance of tracking units further decreased sample size. Despite testing every unit prior to 
deployment, lack of data coverage and/or transmitter failure caused a digital disappearance of 
birds resulting in unknown departure dates for several individuals. I would strongly caution the 
use of these transmitters (Ecotone Saker H, Northstar Science and Technology, LLC, Oakton, 
VA). Although transmitter effect seemed equal between my species, Kesler et. al. (2014) 
suggests we consider potential for physiological and behavioral effects brought about by tracking 
equipment (Ward and Flint 1995, Lameris and Kleyheeg 2017).   
I observed a clear signal of selection against agriculture by black ducks despite a limited 
sample size. By using agriculture to a greater degree, mallards may be able to meet their energy 
requirements in a shorter time period than black ducks. A reduction in time spent foraging could 
result in a lower vulnerability to predation thus leading to a higher survival rate. Mallards also 
would have more free time to expend in pair bond maintenance which could give them a 
reproductive advantage over black ducks. Overall fitness of black ducks during spring staging is 
likely decreased by selection against agriculture. Likewise, the strategy of black ducks to evade 
human disturbance by using open water and avoiding developed areas limits them in the 
presences of anthropogenic change.   
MANAGEMENT IMPLICATIONS 
I recommend restoring areas previously drained for agriculture to emergent wetland for spring 
staging black ducks. The New York State Canal Corporation manages the Seneca River/Erie 
Canal to ensure agricultural production, residential development, and navigation in the 
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floodplain, but this activity eliminated seasonal and sustained pulses of floods that diversified 
habitats among emergent marsh, open water, seasonal annual plant communities, and extensive 
forested wetlands. Thus, areas restored to emergent marshes should use berms and water control 
structures to sustain open water areas to mimic flooded marsh that would have been historically 
available to black ducks throughout spring migration in the MWC. Further, open water habitats 
along rivers should be preserved to reduce encroachment by human development.  
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Figure 2.1. Map outline of the Montezuma Wetlands Complex in the Finger Lakes region of 
central New York including 2016 and 2017 GPS locations of marked female black ducks 
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Figure 2.2. Multivariate median percent time engaged in behaviors by mallards and black ducks 









































Figure 2.3 Multivariate median percent time engaged in behaviors by mallards and black ducks 








































Figure 2.4. Multivariate median percent habitat use of mallards and black ducks in the 







































Figure 2.5. Multivariate median percent habitat use by black ducks and habitat availability 
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Figure 2.6. Multivariate median percent habitat use by mallards and habitat availability within 
























































Figure 2.7. Multivariate median percent habitat use by black ducks and habitat availability 























































Figure 2.8. Multivariate median percent habitat use by mallards and habitat availability within 
















































Chapter 3: COMPARISONS OF SPRING STAGING MOVEMENTS AND DEPARTURE 
DATES OF AMERICAN BLACK DUCKS AND MALLARDS IN THE MONTEZUMA 
WETLANDS COMPLEX  
 
ABSTRACT 
Spring staging in waterfowl is a critical but understudied phase of the annual cycle of waterfowl.  
Competition between the American black duck (Anas rubripes), a species of conservation 
concern, and the closely-related mallard (A. platyrhynchos) during migratory staging has the 
potential to negatively affect survival and breeding of black ducks. Understanding migration 
chronology and the effect of habitat use on departure date can help identify strategies to promote 
black ducks in the presence of mallards. I evaluated spring staging movements and modeled the 
effects of species, habitat use, and their interaction on departure dates of adult female black 
ducks and mallards using GPS/GSM tracking units March – April of 2016 and 2017. Breaks in 
step lengths of the distribution of movement distances showed local movements to be similar 
between mallards and black ducks at 0.5 – 25 km for. On average, mallards departed 26 (± 9 SE) 
days earlier than black ducks in 2016 but their departure dates were similar in 2017. Model 
results were suggestive of a negative relationship between departure date and percent time spent 
in agriculture that was similar for the two species, although the evidence was not conclusive. My 
results suggest that mallards are departing spring staging areas earlier than black ducks in some 
years. Spending time in habitat with a high energy density may be permitting ducks to leave 
earlier, so understanding which habitat provides such benefits to black ducks is important, to 
help them compete with mallards during spring migration. 
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Spring staging is a critical phase in the life cycle of most large-bodied waterfowl because it 
immediately precedes migration to breeding territories, nesting, and brooding. Although 
relatively short in duration relative to other portions of the annual cycle, spring staging is 
critically important to fitness in these birds. Migratory waterfowl experience carry-over effects 
(COEs) from habitats used during spring that can influence individual fitness during the breeding 
season (Sedinger et al. 2011, Sedinger and Alisauskas 2014). In ducks, initiation of spring 
migration is influenced by lipid reserves which are used to fuel migration to breeding areas and, 
in some species, endogenous lipid reserves are expended to acquire protein reserves necessary 
for egg production (Baldassarre and Bolen 2006, Sedinger and Flint 1991, Stafford et al. 2014). 
However, spring staging ecology of waterfowl is relatively understudied because of the transient 
nature of the birds that makes it difficult to conduct traditionally, robust wildlife studies. 
American black ducks (Anas rubripes; hereon black duck) and mallards (A. 
platyrhynchos) are sympatric which can lead to interspecific competition for limited resources 
during spring staging (Ankney et. al. 1987, Beatty et al. 2015). Black ducks once existed in 
North America in refugia. However, eastward expansion of the Eurasian mallard along with 
release of captive mallards resulted in an encroachment of mallards on the native range of black 
ducks (Heusmann 1974, Heusmann 1991, USFWS 2013, USFWS 2017). Black duck populations 
have declined significantly throughout the last century while mallard abundance concurrently 
increased in eastern North America. Competition and interactions between black ducks and 
mallards have been studied extensively during the breeding season (Ringelman and Longcore 
47 
 
1982, Longcore et al. 1998, Maisonneuve et al. 2000), but ecological separation during spring 
staging and migration has received much less attention. Competition with mallards for habitat 
resources during spring staging could potentially have consequences for the breeding success of 
black ducks, but no direct comparisons of their seasonal movements and how they may be 
influenced by habitat use during spring migration have been conducted.  
Processes that drive movements in animal populations occur on a wide range of 
spatiotemporal scales and influence the structure and dynamics of communities and ecosystems 
(Hanski 2001). Migrants, for example, can exploit resources in seasonal environments, resulting 
in the evolution of migrant populations and replacement of some sedentary population (Alerstam 
et. al. 2003). Generally, birds time their migrations to maximize fitness, increasing likelihood of 
survival, and reproduction (Bêty et. al. 2003, Newton 2010). In waterfowl, smaller scale 
movements during breeding, wintering, and staging also have consequences for energy balance. 
How individuals move throughout a specific area or complex can influence energy expenditure, 
food accessibility, and risk of predation, yet the degree to which local movements affect 
individual fitness is not well understood. One winter study of local mallard movements found 
that the degree of local movements and the response to changing weather parameters were 
variable among individuals (Sauter et. al. 2012). Similarly, Beaty et. al. (2015) found that 
energetic carrying capacities of black ducks and mallards were not predicted by space use.  
As habitat generalists, mallards use movement strategies that allow them to 
opportunistically compete for food and space, potentially outcompeting black ducks that are 
sharing the same resources (Sauter et. al. 2012, Bengtsson et. al 2014). Black ducks treat 
mallards as conspecifics, thus interactions between them can follow intraspecific competition 
theory (Seymour 1992, Petrie et al. 2012). Ideal despotic distribution is a form of intraspecific 
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competition and occurs when dominant individuals monopolize resources excluding subordinate 
individuals. As birds arrive to breeding areas in spring, the greatest quality nest sites are settled 
first. Ideal despotic distribution results when subordinate individuals or later arrivals are forced 
to use increasingly poorer nesting sites by dominant individuals that arrived earlier (Fretwell and 
Lucas 1969). Subordinate individuals and later arrivals to breeding grounds are likely to 
experience a decrease in fitness as they are excluded from optimal nesting sites (Burger 1985, 
Dow and Fredga 1985). In Ontario, black ducks and mallards selected for high quality breeding 
sites, yet mallards predominated in areas with relatively fertile wetlands (Merendino and Ankney 
1994). If mallards initiate migration earlier than black ducks, they may select the best breeding 
sites upon arrival, leaving black ducks with lesser quality sites. Such a scenario would reduce 
black duck fitness. Understanding the factors affecting departure dates from shared stopover 
areas would provide evidence for the potential for events in the nonbreeding period to affect 
competition for breeding sites.  
Competition between mallards and black ducks is of concern because of long-term 
declines in black duck abundances. Although coastal wintering black duck abundance has 
remained stable in recent years, interior black duck abundance has continued to decline. Winter 
black duck counts at Tennessee National Wildlife Refuge decreased by ~82% from 2000 (5183 
[± 1833 SE]) to 2016 (907 [± 396]) (J. B. Davis, Mississippi State University, unpublished data).  
The Finger Lakes Region (hereafter, FLR) of central New York is a critical wintering area for 
the interior Atlantic flyway population of black ducks. Black ducks and mallards that winter in 
the region are primarily distributed on Cayuga and Owasco Lakes and the nearby Montezuma 
Wetlands Complex (MWC). These lakes exist in close proximity to the 18,347 ha of agricultural 
and wetland foraging habitats of the MWC; thus, it is plausible that waterfowl wintering in the 
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region risk being subject to relatively severe winter conditions to have first access to high quality 
spring staging habitats at northern latitudes. As such, they are closer to breeding areas than 
conspecifics wintering farther south and may be able to arrive on breeding areas earlier if they 
have adequate food resources for migration. January waterfowl counts in the region from 2000 to 
2017 suggests average annual duck uses days from 1 January – 15 March to be  ≥ 610,870 ± 
82,806 (SE) mallards and 135,790 ± 24,198 black ducks (Ostrander 2017). Spring counts of the 
MWC suggests average duck use days of  ≥ 363,124 ± 112,194 mallards and ≥ 53,314 ± 8,878 
black ducks, 15 March – 30 April, 2011 -- 2016 (J. Eckler, New York State Department of 
Environmental Conservation, unpublished data). There has been no empirical study of the 
ecology of mallards and black ducks during the spring staging period in the FLR or MWC. 
 My goal for this study was to understand if spring staging ecology affects departure dates 
of female mallards and black ducks in the Montezuma Wetlands Complex. My objectives were 
to 1) compare spring staging movement distances and 2) evaluate habitat use effects on departure 
dates of mallards and black ducks in the MWC. My results will give guidance to policy makers 
and land managers on how to best manipulate the landscape to promote black ducks without 
encouraging mallards.  
STUDY AREA 
I studied staging movements and behaviors of black duck and mallard in the Finger Lakes 
Region (hereafter, FLR) of central New York, 15 March – 15 April 2016 and 2017. Black ducks 
and mallards wintering in the region primarily occur on Cayuga Lake (42º 45’ 48.3”, -76° 44' 
7.65") and Owasco Lake (42° 53' 10.84", -76° 31' 51.91") (Appendix 1). Lakes are north to south 
oriented glacially formed lakes that border or run through Tompkins, Seneca, and Cayuga 
Counties. The shorelines of the Finger Lakes are generally steep with a rocky substrate and 
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minimal aquatic vegetation. In winter, the New York Canal Authority lowers water in these lakes 
≥ 1m, exposing rocky shorelines. Seasonal and year-round residences are common along lake 
shores. Historical average temperatures in March and April are (1C) and (8C) respectively.  
Rain precipitation averages 3 cm each month while average snow fall is 45 cm for March and 8 
cm for April (NOAA 2017). At times, portions of the Finger Lakes are the only unfrozen open 
water habitat in the FLR (Appendix 2). In milder winters and during spring, when ice and snow 
depth are less, ducks can access other open water lakes and rivers , emergent, seasonal, and 
forested wetlands, and agricultural fields (dry and flooded). The MWC is located directly north 
of Cayuga Lake, encompasses 18,347 ha of wetland rich habitat (Fig. 3.1) and includes Northern 
Montezuma Wildlife Management Area and Montezuma National Wildlife Refuge. The MWC is 
a focus area of the North American Waterfowl Management Plan (USFWS 2012) 
METHODS 
Capture, Marking, and Monitoring of Ducks with Satellite Transmitters 
In cooperation with New York Department of Environmental Conservation (NYSDEC) and 
United States Fish and Wildlife Service (USFWS) biologists, I captured and marked mallards 
and black ducks to determine habitat use, January – March 2016 and 2017. Captures occurred 
primarily on the northern half of Cayuga Lake and the western side of Owasco Lake where 
NYSDEC and USFWS biologists have used designated trap sites along these lakes to capture 
mallards and black ducks for banding 2010-2015. I captured after-hatch year female black ducks 
and mallards using walk-in traps baited with corn, black oil sunflower, millet, milo, wheat, and 
frozen French fries, January – March 2016 and 2017. I determined age as second year (ducks 
hatched the year before capture) and after second year (ducks hatched ≥ 2 years before capture) 
based on wing plumage (Carney 1992, Ashley et al. 2006). I baited traps ≥ 1 hr before sunrise 
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and removed ducks from traps ≤ 4 hrs after sunrise. I attached satellite transmitters to a randomly 
selected sub-sample of adult female black ducks ≥1000 g (?̅? = 1131 ± 21g; range = 1000–1400 g; 
% body mass ?̅? = 2.4%; % body mass range = 1.9–2.7%) and mallards ≥1000 g (?̅? = 1123 ± 15 
g; range = 1000–1240 g; % body mass ?̅? = 2.4%; % body mass range = 2.1–2.7%) that had no 
visible injuries (Fair and Jones 2010). I used 25-g GSM (Global System for Mobile 
Communication) back-pack style GPS transmitters (NorthStar Science and Technology, LLC, 
King George, Virginia, USA and Ecotone Telemetry, Sopot, Poland). Total transmitter weight 
was 27 g. I attached transmitters dorsally between the wings via a harness of 0.38 cm wide 
Teflon ribbon (Bally Ribbon, Bally PA). The completed harness included posterior and anterior 
body loops connected with a 1 cm length of ribbon over the keel (Petrie et al. 1997, Malecki et. 
al. 2001, Krementz et al. 2011). The transmitters collected eight fixes per 24 hour period. 
Location data was estimated to be accurate to ± 18 meters (NorthStar Science and Technology, 
LLC). When possible, I paired each marked female black duck with a marked female mallard 
(2016 n = 20 of 39, 2017 n = 8 of 34) during the same capture event to balance our sampling 
design. I excluded the first four days of exposure for each female from all analyses to minimize 
potential bias due to stress from capture or handling (Cox and Afton 1998). 
The GPS units transmitted information by logging into a GSM network. The 2016 
tracking units featured 2G technology while 2017 units were compatible with the 3G network. I 
monitored birds 15 March – 15 April 2016 and 2017 unless the transmitter failed to report fixes. 
I chose this time period to be consistent between years and because all peak annual black duck 
and mallard counts in the MWC have been in this time frame (J. Eckler, New York State 
Department of Environmental Conservation, unpublished data). When transmitters failed to 
report fixes for multiple duty cycles, I attempted to recover carcasses and transmitters by 
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searching at the last known GPS location through homing to the VHF signal via a VHF receiver 
and a hand-held Yagi antenna. I would monitor locations by downloading GPS fixes from 
manufacturer-provided software and internet access portals. If reported activity readings were < 
50 for > 24 hours, I attempted to retrieve the transmitter and determine the fate of the individual. 
The GPS transmitters were programmed internally to store fix data, therefore when I was able to 
recover the GPS unit and recharge the solar battery there was the possibility of downloading 
more GPS fixes prior to recovery. I used activity readings to determine individual fate. I 
presumed an individual to be dead If activity remained <50 for >3 days; I then excluded fixes 
from one day prior to presumed mortality from my analysis. We determined settling of birds on 
breeding areas to be (no movement > 8 km for ≥ 30 days) as recommended by prior breeding 
studies (Miller et al. 2005, Krementz et al. 2011). 
Spring Staging Movements 
I examined the movement patterns of individuals 15 March until departure in 2016 and 2017 by 
calculating the distance between GPS fixes using ArcMET (Movement Ecology Tools for 
ArcGIS, version 10.3.1 v1) in ArcMap (Environmental Systems Research Institute, Inc., 
Redlands, CA, USA 10.3. 1.). I only used point data from individuals with a known departure 
movement to ensure all scales of movement were observed and to ensure data were not biased 
due to transmitter failure. I considered departure any movement outside of the MWC without 
return. Departure distances were similar to those found in other studies (Jorde et al. 1983, Davis 
and Afton 2010, Gray 2010, Link et al. 2011, Beatty et al. 2014b). Due to low sample sizes, I 
excluded individuals with ≤ 3 days of data from my analysis (n = 5). To decrease effects of 
movements that occurred when the transmitter signal was insufficient, I only used intervals that 
were < 24 hr apart (Beatty et al. 2014a) and to decrease the effects of erratic GPS fixes I only 
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used GPS fixes that were > 2 hr apart. To determine differences in movement categories I plotted 
the distribution of the natural log transformation of all movements > 0 km, and fit a kernel 
density estimator to the distribution using the geom_densisty function in the ggplot2 package 
(Beatty et al. 2014b, RStudio Team 2016). I classified each GPS fix i as one of three spatial 
scales based on the Euclidean distance moved from the previous fix i – 1. I partitioned spatial 
scale categories based on visually identifying breaks in the distribution of the smoothed data 
(Beatty et al. 2014b). I considered any step length < 1.5 km as fine scale movements, step 
lengths that were > 1.5 km but < 25 km as local movements, and anything > 25 km as a 
relocation movement.  
Departure Analysis 
As the base layer for all spatial analysis, I used the National Land Cover Database (NLCD) at the 
resolution of 30 m (Homer et. al 2015). I manually added a polygon layer that accounted for 
areas within the MWC that had been converted from agriculture to palustrine emergent marsh 
(PEM) or annual plant management areas since 2015 and merged these layers with the NLCD 
layer. I classified each fix between 15 March – 15 April 2016 and 2017 as agriculture, forested 
wetland, emergent marsh, open water, or developed habitats in ArcMap 10.3.1® (Environmental 
Systems Research Institute, Inc., Redlands, CA, USA 10.3. 1.). I excluded individuals with less 
than 3 days of data from my analysis. I also excluded points south of the MWC (latitude = 42º 
56’ 26”) as they were outside the spatial scope of this study I defined spring departure as leaving 
the Montezuma Wetlands Complex acquisition area boundary without return. I modeled the 
effects of agriculture use and wetland use on departure dates. I combined forested wetland and 
emergent marsh into a single habitat class (shallow water wetlands – SWW) and calculated the 
percent of observations of each individual within agriculture (PercentAg) and SWW (Percent 
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SWW). I modeled departure date as a linear function of species, Percent Ag, PercentSWW, and 
the interaction of species with the two habitat use variables. I compared the fit of the global 
model and all subsets including a null intercept-only model using Akaike’s Information Criterion 
corrected for small sample sizes (AICc) and associated information-theoretic critera with the 
AICcmodavg package 2.0-4 in R. (Akaike 1973, Burnham and Anderson 2002, RStudio Team 
2016). I considered models with a AICs <2 to have some support. If more than one model had 
support, I used model-averaged predictions for further inference.  
RESULTS 
Spring Staging Movement 
In 2016, I obtained movement data from 10 black ducks (3412 locations) and 8 mallards (1320 
locations) that met my criteria for inclusion in the analyses. In 2017, I obtained movement data 
from 4 black ducks (693 locations) and 5 mallards (810 locations). I observed similar movement 
strategies between species in 2016 (Fig. 3.3) and 2017 (Fig. 3.4). Local movements for each 
species and each year ranged from 1.5 km to 25 km. 
Departure 
Of 25 birds that were transmitting during spring 2016 migration, all migrated from their 
respective wintering areas on Cayuga and Owasco Lakes. There was one mortality of each 
species during the spring period and one mortality of each species once birds were settled on 
breeding areas I obtained 4,699 fixes during 2016 spring staging. Mallards departed 26 days 
earlier (30 March ± 9 days; median = 27 March; range = 17 March – 4 May) on average than 
black ducks (25 April ± 9 days; median = 1 May; range = 8 March – 19 June). Twelve birds 
migrated to Canada (7 black ducks and 5 mallards). Five mallards migrated a relatively short 
distance (mean = 111 km) and met our criteria for settling to breed in New York. These New 
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York breeders were settled on their inferred breeding areas an average of 37 days before most 
black ducks migrated out of the MWC. One mallard remained in the MWC to breed.  
Of 18 birds that were transmitting during spring 2017, all migrated from their respective 
wintering areas on Cayuga and Owasco lakes. We had three mortalities during the spring period 
(n = 2 black duck, n = 1 mallard). The departure dates of five ducks (n = 4 black ducks, n = 1 
mallards) were unknown likely due to transmitter failure. During 2017 spring migration we 
obtained 2,544 GPS points. Analysis of departure dates suggested that, on average, mallards 
departed 10 days later (14 April ± 8 days; median = 9 April; range = 1 April – 21 May) than 
black ducks (4 April ± 7 days; median = 10 April; range = 2 February – 16 April).  
I included 10 black ducks (6784 locations) and 8 mallards (2611 locations) in my model 
of the effects of species and habitat on departure date. I did not find strong evidence for any of 
our covariates, although the model containing PercentAg had a lower deviance than the Null 
model and a slightly better AICc. (Table 3.1). Based on model-averaged predictions, departure 
date decreased as percent time ducks spent in agriculture during the staging period increased 
(Fig. 3.5).  
 
DISCUSSION 
Local movements for each species and each year were between 1.5 km to 25 km indicating that 
management that affects both species can be conducted at the same scale. The maximum 
distance between boundaries of the MWC is approximately 25 km. The footprint of the MWC 
boundary would not allow for birds to make movements much greater than 25 km while staying 
within the acquisition area, thus, movements outside the acquisition area were typically 
migratory. This result suggests that the entirety of the MWC is available to each species during 
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spring staging. The within wetland movements I observed were a slightly longer distance 
compared to recent studies (Davis and Afton 2010, Gray 2010, Link et al. 2011, Beatty et al. 
2014b, Palumbo 2017). This discrepancy is likely due to the relatively large size of some 
impounded wetlands in the complex (e.g. > 400 ha) that are necessary to mimic historic flood 
regimes in the MWC.   
Variability in timing of spring departure from staging sites is common in species of 
waterfowl. Artic nesting pink‐footed geese (Anser brachyrhynchus) departed earlier in years with 
earlier spring plant phenology and used success in one staging location to predict success in the 
next. In comparison, artic nesting barnacle geese (Branta leucopsis) did not use the advancement 
of spring to time their migration (Tombre et. al. 2008). Similarly, mallards have been shown to 
make shorter spring migration movements and follow the mild weather conducive to migration. 
(Dugger 1997, Arzel et. al 2006, Baldassare and Bolden, 2006, Krementz et. al. 2011), whereas 
black duck spring migration strategies are less understood (Arzel et. al 2006, Baldassare and 
Bolden 2006). If mallards commonly migrate earlier than black ducks, they may be able to reach 
breeding areas first and exclude black ducks. 
 In years when mallards are able depart before black ducks they can fill local breeding 
areas in New York and migrate into Canada more quickly than black ducks as the spring 
landscape thawed making breeding habitat available. Black ducks traditionally bred throughout 
New York but earlier nesting by mallards may have competitively excluding them from interior 
nesting locals outside the Adirondack region. Black ducks have shown to traditionally select 
more isolated, forested wetlands such as beaver ponds to nest in. but this may be an artifact of 
arriving on breeding grounds after mallards have filled other wetlands (Maisonneuve 2006).  
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Arrival date in breeding areas is known to correlate negatively with fitness (Burger 1985, 
Dow and Fredga 1985, Smith and Moore 2003). Petrie et. al. (2000) agreed with earlier studies 
that suggested no difference in black duck and mallard reproductive vital rates and propose that 
differences in population statuses are a result of differences in breeding propensity that may arise 
from competition for breeding resources. Ankney (1987) also suggested that in Ontario breeding 
areas, black duck decline was being caused by increased competition with mallards. As 
proportion of mallards to black ducks on the landscape skew towards mallards, timing of 
migration becomes more important for black ducks. Atlantic Flyway populations of mallards and 
black ducks are highly sympatric and compete for resources throughout the annual cycle. 
Because of this relationship, and black ducks low abundance relative to mallards, the frequency 
of springs where mallards can colonize breeding areas before black ducks has increases. 
Although my results suggested that spending time in agriculture could lead to earlier 
departure dates, they were not conclusive possibly due to my low sample size. Other studies have 
demonstrated that mallards use agriculture proportionately more than black ducks (Osborn 2015, 
McClanahan 2015). Mallards are thought to be more adapted to agriculture than black ducks and 
are able to take advantage of abundant waste grain (Spencer 1986, Ankney et al, 1987, 
Merendino et al. 1995). For example, a foraging ecology study in Atlantic Canada found 
wintering black ducks fed on aquatic invertebrates and grains while mallards relied strictly on 
agriculture (English et al. 2017). By using agricultural habitats to a greater degree, mallards 
could build lipid energy reserves more readily than black ducks and thus be better prepared to 
depart at an earlier date.  
My sample size was dramatically limited by fatality of marked birds and poor transmitter 
performance. Otherwise, poor overall performance of tracking units further decreased sample 
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size. I would strongly caution the use of this transmitter for any use (Ecotone Saker H, Northstar 
Science and Technology, LLC, Oakton, VA). I would also suggest the consideration of less 
invasive tracking devices for migration studies and suggest we consider potential for 
physiological and behavioral effects brought about by tracking equipment (Ward and Flint 1995, 
Lameris and Kleyheeg 2017).   
The fact that all of my marked birds spent a great majority of their spring staging period 
within the MWC suggests that complexes are very important. Over half of the ~20,000 ha MWC 
is wetland. This proportion increases in spring as snow melt creates sheetwater wetlands 
throughout the complex providing new foraging opportunity for spring staging waterfowl. 
Similarly, hunting disturbance on a majority of state, federal, and private wetlands in the fall 
followed by a prolonged winter freeze likely preserves food resources for spring staging 
waterfowl. Further evaluation of the role agriculture plays in departure dates of mallards and 
black ducks is warranted. If black ducks at a competitive disadvantage with mallards because of 
the latter’s greater use of agriculture, and the species are moving across the landscape similarly, 
an overall reduction in agriculture in the complex could limit mallards and thus potentially 
benefit black ducks.  
MANAGEMENT IMPLICATIONS 
My results suggest that mallards could competitively exclude black ducks from breeding 
territories because they appear to migrate substantially earlier from spring staging to breeding 
areas when conditional allow.  A warming climate would exacerbate this competitive advantage 
by mallards. Adaptive Harvest Management modeling includes a density-dependent affect of 
mallards on black ducks, but the mechanism is not explicit. I think that earlier arrival by mallards 
than black ducks to breeding grounds, is a probable mechanism whereby, a greater number of 
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mallards results in fewer quality breeding habitats available once black ducks arrive. As such, 
decreasing mallard abundance should increase black duck productivity because greater quality 
breeding wetlands would remain available when black ducks arrive. Mallards and black ducks 
that used agriculture to a greater degree, migrated earlier from the Montezuma Wetland 
Complex. However, my results also tend towards mallards using agriculture to a greater degree 
than black ducks, which may provide mallards an advantage to obtain lipids and migrate ahead 
of black ducks.  As such, restoration of agriculture to emergent marsh with open water habitats is 
recommended to increase black duck potential to compete for breeding territories. Where 
mallards and black ducks are sympatric on staging areas and migrating to similar breeding areas, 
my results indicate that mallards have an advantage because they either migrate ahead of (mild 
weather; i.e. early Spring phenology) or at the same time (sustained severe weather; i.e. late 
Spring phenology) as black ducks. Thus, if the goal is to increase black ducks, I suggest reducing 
the number of mallards where mallards and black ducks are sympatric 
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Table 3.1 Parameters, parameter counts (K), and information-theoretic model selection criteria 
for models of departure date of black ducks and mallards spring staging in the Montezuma 
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Figure 3.1 Percent land cover types within the Montezuma Wetlands Complex.  
 





























































Figure 3.2. Map outline of the Montezuma Wetlands Complex in the Finger Lakes region of 
central New York including 2016 and 2017 GPS locations of marked female black ducks and 
mallards. Picture insert for scale representing Cayuga lake connecting to the south.   
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Figure 3.3. Distribution of natural-log transformed movement distances of black ducks (n = 10, 
locations = 3,412) and mallards (n = 8, locations =1,320) spring staging in the Montezuma 
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Figure 3.4. Distribution of natural log transformed movement distances of black ducks (n = 4, 
locations =693) and mallards (n = 5, locations = 810) spring staging in the Montezuma Wetlands 
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Figure 3.5. Observed and model-averaged predicted departure dates of mallards and black ducks 
vs. proportion time spent in agriculture in New York, 2016-2017. Y axis depicts sequential value 
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My study suggests ecological separation between black ducks and mallards using the 
Montezuma Wetlands Complex (MWC) during spring is subtle. Black ducks home ranges 
contained some cover types out of proportion to their availability in the complex, which was not 
the case for mallards. Some mallards had substantially larger home ranges relative to black ducks 
despite similar breaks in movement step lengths between species. The scale at which separation 
is occurring seems to be broad as behaviors within cover types did not differ between the species 
and neither species selected habitat out of proportion to its availability within home ranges.    
Johnson (1980) suggested four orders of habitat selection: 1) selection of a region, 2) 
selection of a home range within a region, 3) selection of habitats types within home ranges, and 
4) selection of resources within habitat types. Black ducks are selecting home ranges with 
proportionately more emergent marsh and forested wetland than is available, and avoiding 
developed and agriculture areas to a large degree. In contrast, mallards selected for all habitat 
types proportionate to their availability in the MWC. The generalist life strategy by the mallards 
compared to black ducks is a potential explanation for species difference in selection. Mallards 
are known to be habitat generalists that select for habitats as they change in productivity (Nummi 
et. al. 1994, Maisonneuve et al. 2006). In this case black ducks would be limited by mallards 
through exploitative competition (Miller 1967). Interference competition could also explain 
differences in home range habitat selection. For example, black ducks could be choosing not to 
use agriculture due to mallard presence or abundance in that habitat. Similarly, black ducks may 
be selecting for open water to isolate themselves from mallards. Study of competition between 
these two species in breeding areas has been extensive and provides evidence that the presence 
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of mallards can displace black ducks (Seymour 1990, Merendino and Ankney 1994, Longcore et 
al. 1998). However, studies focused on ecological separation during the spring period are lacking 
(Heusmann 1974, Robb 1997, Arzel et. al. 2006).   
Despite its importance for numerous waterfowl species through spring the Finger Lakes 
Region (FLR) has received little focus from the waterfowl research community. To my 
knowledge, no spring waterfowl study has taken place in the FLR until now. The FLR and 
specifically the areas tied to the MWC provide a rare opportunity to study spring migration 
strategies of black ducks and mallards. Portions of Cayuga and Seneca Lake never freeze 
providing opportunity for waterfowl to winter in relatively severe winter conditions in hopes to 
have first access to high quality spring staging habitats at northern latitudes. Furthermore, the 
MWC consists of thousands of hectares of highly managed federal, state, and private wetlands 
that, in typical winters, freeze during or shortly after hunting season. When the region thaws in 
spring, an abundance of lipid rich food resources remain for waterfowl to begin spring staging. 
This dynamic may explain the lack of behavioral differences I observed between species. Birds 
that choose to winter in the FLR experience what can be months of severe winter conditions with 
relatively poor foraging opportunity, and thus, subsequently may enter the spring staging period 
with high nutritional demands to recover from winter and prepare for spring migration. My 
analysis of activity budgets showed no difference between species or within habitat types, but it 
did indicate both species foraging over 50% of the time in each habitat type, a much higher 
percentage than reported by other studies (Hickey and Titman 1983, Paulus 1988, Turnbull and 
Baldassarre 1987, Osborn 2015). This result suggests the demands of each species may dictate 
their behavior regardless of the habitat type they choose.  
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Local landscape changes may explain some results of my study that did not accord with 
prior knowledge about black ducks and mallards. Through the early 1800s development of the 
Erie Canal which passes through the MWC drained much of the floodplain which was primarily 
emergent marsh known as the Cayuga Marshes (Whitford and Beal 1906, Riley 2012). Although, 
currently the most abundant land cover type in the MWC is forested wetland, prior to 
anthropogenic changes, the majority of the landscape was emergent marsh. Research generally 
suggests black ducks use forested wetland and scrub-shrub to a greater degree than mallards, 
likely stemming from historic availability prior to competition with mallards (Ringelman et. al. 
1982, Carriere and Titman 1998, Osborn 2015). Black ducks using the MWC area for spring 
staging historically would have used emergent marsh. We might speculate that these historic uses 
are influencing home range selection still today. 
My results highlight the potential role that agriculture plays in the process of spring 
staging and departure. I observed mallards departing 26 days earlier on average than black ducks 
in 2016. A difference of this magnitude between species could be detrimental to black ducks as 
earlier arrivals to breeding habitats generally have an increased fitness over those arriving later in 
the same year (Baldassarre and Bolen 2006, Drent et al. 2007).  Black ducks selected against 
agricultural habitat and although mallards did not show selection, the literature suggests that they 
often outcompete black ducks in agricultural habitats (Turnbull and Baldassarre 1987, Paulus 
1988, McClanahan 2015). My modeling of departure dates suggested that agriculture had a 
negative effect on departure dates, although the result was not conclusive. Further evaluation of 
the role agriculture plays in departure dates of mallards and black ducks is warranted. If black 
ducks are limited competition with mallards, and if agriculture gives mallards an advantage, an 
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overall reduction in agriculture in the complex could limit mallards and thus potentially benefit 
black ducks. 
LITERATURE CITED  
Arzel, C., J. Elmberg, and M. Guillemain. 2006. Ecology of spring-migrating Anatidae: a review. 
  Journal of Ornithology 147:167–184. 
Baldassare, G. A., and E. G. Bolen. 2006. Waterfowl management and ecology. Second edition.  
 Krieger Publishing Company, Malabar, Florida, USA.       
Drent, R. H., G. Eichhorn, A. Flagstad, A. J. V. der Graaf, K. E. Litvin, and J. Stahl. 2007. 
 Migratory connectivity in Arctic geese: spring stopovers are the weak links in 
 meeting targets for breeding. Journal of Ornithology 148:501–514. 
Heusmann, H. W. 1974. Mallard-black duck relationships in the northeast. Wildlife Society 
  Bulletin 2:171-177. 
Hickey, T. E., and R. D. Titman. 1983. Diurnal activity budgets of Black ducks during their 
  annual cycle in Prince Edward Island. Canadian Journal of Zoology 61:743–749.  
Johnson, D. H. 1980. The comparison of usage and availability measurements for evaluating 
resource preference. Journal of Ecology 61:65-71.  
Longcore, J. R., D. A. Clugston, and D. G. McAuley. 1998. Brood sizes of sympatric American 
 black ducks and mallards in Maine. Journal of Wildlife Management 62:142-151. 
Maisonneuve, C., L. Belanger, D. Bordage, B. Jobin, M. Grenier, J. Beaulieu, S. Gabor, and B. 
 Filion. 2006. American black duck and mallard breeding distribution and habitat  
  relationships along a forest-agriculture gradient in southern Québec. Journal of Wildlife 
  Management 70:450-459 
77 
 
McClanahan, M. D. 2015. Habitat use and response to wetland management practices of non-
 breeding dabbling ducks in western Tennessee. Thesis, University of Tennessee-
 Knoxvile, Knoxville, USA 
Merendino, M. T., and C. D. Ankney. 1994. Habitat use by mallards and American black ducks 
breeding in central Ontario. The Condor 96:411–421. 
Miller, R. S. 1967. Pattern and process in competition. Academic Press, London, UK. 
Nummi, P., H. Pöysä, J. Elmberg, and K. Sjöberg. 1994. Habitat distribution of the mallard in 
 relation to vegetation structure, food, and population density. Aquatic 247-252  
Osborn, J. 2015. American black duck wintering dynamics and dabbling duck response to 
 herbicide application in western Tennessee wetlands. Thesis. University of Tennessee 
Paulus, S. L. 1988, Time-activity budgets of nonbreeding Anatidae: a review.waterfowl in 
 winter 135-152. 
Robb, J. R. 1997. Physioecology of staging American black ducks and mallards in autumn. 
 Ph.D. Dissertation. The Ohio State University 
Ringelman, J. K., J. R. Longcore, and R. B. Owen. 1982. Breeding habitat selection and home 
 range of radio-marked black ducks (Anas rubripes) in Maine. Canadian Journal of 
 Zoology 60:241-248 
Seymour, N. R. 1990. Interspecific territoriality and competitive interactions between American 
Black ducks, Anas rubripes, and mallard, A. platyrhynchos. Wildfowl 43:152-155. 
Turnbull, R. E., and G. A. Baldassarre. 1987. Activity Budgets of Mallards and American 
  Wigeon Wintering in East-Central Alabama. The Wilson Bulletin 99:457–464. 
78 
 
Whitford, N. E., and M. M. Beal. 1906. History of the canal system of the state of New York: 
 together with brief histories of the canals of the United States and Canada . Brandow 
























Appendix 1: Map of the Finger Lakes Region of New York showing the study area 





Appendix 2: Aerial photo of the Finger Lakes Region of New York from early March 2014 
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